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(54) Oscillator nnodule 

(57) An oscillator includes a multi-layered base 
(101). Circuit patterns (102) are formed on a first main 
surface and the Inside of the multi-layered base (1 01 ). 
Holes (104) through which wiring patterns of the individ- 
ual layers of the base (101) are connected are formed 
within the multi-layered base (101). Electronic compo- 
nents (1 03) are mounted on the first main surface of the 
multi-layered base (101). First and second reverse elec- 
trodes (106, 107), which serve as external terminals to 
be connected to an external source, are formed on a 
second main surface of the multi-layered base (101). 


The first reverse electrode (106) serves as a ground 
electrode, and the second reverse electrodes (107) 
serve as terminal electrodes. The reverse electrodes 
(106, 107) are electrically connected to the circuit pat- 
terns (102) via the holes (104). The reverse electrodes 
(1 06, 1 07) are located farther inward than the lateral sur- 
faces of the multi-layered base (101). A shield cover 
(108) is placed to tightly cover the first main surface of 
the multi-layered base (101). It is thus possible to pro- 
vide a miniaturized, less expensive, and easy-to-mount 
oscillator module in which unwanted radiation charac- 
teristics are improved. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an oscillator 
module, such as a voltage controlled oscillator for use 
in a communication apparatus, in particular, In a mobile 
communication apparatus. 

2. Description of the Related Art 

[0002] As an example of a known oscillator module, 
a voltage controlled oscillator is described below with 
reference to the drawings. 

[0003] Referring to Figs. 7 through 9, a voltage con- 
trolled oscillator 20 includes a multi-layered base 1 . The 
multi-layered base 1 is formed by laminating a plurality 
of glass epoxy substrates on which circuit patterns 2 
(only partially shown) are disposed, which is described 
later. The circuit patterns 2 are formed on one main sur- 
face (obverse surface) and the inside of the multi-lay- 
ered base 1 . Mounted on one main surface of the multi- 
layered base 1 are electronic components 3. such as a 
chip capacitor, a chip resistor, and a transistor Through- 
holes 4 are formed on lateral surfaces of the multi-lay- 
ered base 1 . The through-holes 4 are used as external 
terminals, and through-holes electrodes 5 are formed 
on the surfaces of the through-holes 4. 
[0004] The through-hole electrodes 5 and the circuit 
pattems 2 are electrically connected via through-hole 
forming portions disposed on one main surface or the 
inside of the multi-layered base 1 . 
[0005] Formed on the other main surface (reverse 
surface) of the multi-layered base 1 are, as illustrated in 
Fig. 9, reverse electrodes 6 and 7, both of which are 
electrically connected to the through-hole electrodes 5 
formed on the surfaces of the through-holes 4. The re- 
verse electrode 6 serves as a ground electrode, while 
the reverse electrodes 7 serve as terminal electrodes. 
[0006] Referring to Fig. 8, a shield cover B is placed 
to cover one main surface of the multi-layered base 1. 
A voltage controlled oscillator 20 is thus formed. The 
shield cover 8 is provided with notches 8a so as not to 
contact the circuit patterns 2. A manufacturing process 
for the voltage controlled oscillator 20 constructed as 
described above is now described with reference to 
Figs. 10 and 11. 

[0007] A mother base 9 Is first prepared by laminating 
and firing a plurality of ceramic green sheets provided 
with circuit pattems 2 (only partially shown). Through- 
holes 4 are then formed on split lines S that divide the 
mother base 9, and electronic components 3 are mount- 
ed on one main surface of the mother base 9. Through- 
hole electrodes 5 are formed on the Inner surfaces of 
the through-holes 4 by means such as plating. Thereaf- 
ter, the mother base 9 is diced along the split lines S 


with a dicer, thereby obtaining a plurality of individual 
bases 10 on which the electronic components 3 are 
mounted. 

[0008] After characteristic adjustments, such as fre- 
s quency adjustment, are made on each base 1 0, a shield 
cover 8 is placed, as illustrated in Fig. 11 , to cover one 
main surface of the base 10. A voltage controlled oscil- 
lator 20 is thus formed. 

[0009] The voltage controlled oscillator 20 is then 
placed on a mounting board 11, and the through-hole 
electrodes 5 are connected to wiring patterns 12 on the 
mounting board 11 with the use of solder 13. Thus, the 
voltage controlled oscillator 20 Is mounted on the board 
11. 

[0010] However, the above known type of voltage 
controlled oscillator presents the following problems. 
[0011] Since the through-holes 4 are used as external 
terminals, the area of the multi-layered base 1 is in- 
creased by an amount equal to the size of the through- 
holes 4, thereby enlarging the overall voltage controlled 
oscillator 20. 

[001 2] In mounting the voltage controlled oscillator 20 
on the board 1 1 , the solder 1 3 for connecting the voltage 
controlled oscillator 20 with the board 11 is formed in a 
fillet-like shape, thereby projecting outwardly from the 
bottom surface of the multi-layered base 1 . Accordingly, 
the area where the voltage controlled oscillator 20 is 
mounted on the board 1 1 is increased. 
[0013] When the voltage controlled oscillator 20 is 
used in a mobile communication apparatus, interfer- 
ence disadvantageously occurs between the voltage 
controlled oscillator 20 and a power amplifier within the 
communication apparatus. More specifically, a high out- 
put of the power amplifier Interferes with the voltage con- 
trolled oscillator 20 so as to slightly modulate the fre- 
quency range used in the oscillator 20, thereby degrad- 
ing sound quality of the communication apparatus. This 
is due to the following reason. Notches 8a are provided 
for the shield cover 8 to avoid an electrical connection 
between the shield cover 8 and the circuit patterns 2, 
Because of the provision of the notches 8a and the ex- 
posed through-holes 4, which serve as external termi- 
nals, the voltage controlled oscillator 20 cannot be com- 
pletely shielded from an extemal source and is thus ex- 
ternally influenced by unwanted radiation. 
[001 4] Hitherto, the split lines S of the mother base 9 
are arranged along the through-holes 4. Since the moth- 
er base 9 is split along the split lines S, burrs are gen- 
erated at the end portions of the through-holes 4 of the 
obtained individual bases 10, or the through-hole elec- 
trodes 5 formed on the surfaces of the through-holes 4 
come off. Consequently, the uniformity of the flatness of 
the voltage controlled oscillator 20 is impaired, thus 
making it difficult to mount the voltage controlled oscil- 
lator 20 on the board 11. Additionally, the through-hole 
electrodes 5, which serve as extemal terminals, come 
off, thereby reducing the reliability of the adhesion be- 
tween the oscillator 20 and the mounting board 11 . 
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[0015] Hitherto, various characteristics, such as fre- 
quency characteristics, are adjusted after the mother 
base 9 is divided into the individual bases 10. This Is 
because of the following reason. In the nnother base 9, 
the through-hole 4, which serves as an external eiec- s 
trode, is shared between adjacent bases 10. If charac- 
teristics are checl^ed on the individual bases 10 when 
they are still connected, one base 10 is influenced by 
another base 10 whose characteristics have not yet 
been checked, thereby failing to correctly make charac- 
teristic adjustments. It is thus necessary to check char- 
acteristics of each base 1 0 after the mother base 9 is 
divided. However, this is very time-consuming and trou- 
blesome, thereby giving rise to an increase in the cost. 

SUMMARY OF THE INVENTION 

[0016] Accordingly, In order to solve the above-de- 
scribed problems, it is an object of the present invention 
to provide a miniaturized, less expensive, and easy-to- 
mount oscillator module in which unwanted radiation 
characteristics are improved. 
[0017] In order to achieve the above object, according 
to the present invention, there is provided an oscillator 
module including a multi-layered base. Circuit patterns 
are formed on a first main surface and the inside of the 
multi-layered base. An electronic component is mount- 
ed on the first main surface of the multi-layered base. A 
shield cover is provided to cover the first main surface 
of the multi-layered base. An external terminal for elec- 
trically connecting the oscillator module and an external 
circuit is formed on a second nnain surface of the multi- 
layered base, and the external terminal is located farther 
inward than lateral surfaces of the multi-layered base. 
In the aforementioned oscillator module, the external 
terminal may be formed only on the second main sur- 
face of the multi-layered base, and the shield cover may 
be tightly disposed on the first main surface of the multi- 
layered base. 

[0018] In the afore mentioned oscillator module, a pro- 
jection may be provided on a lateral surface of the shield 
cover in such a manner that it faces the multi-layered 
base, and a guide may be formed on the multi-layered 
base to receive the projection. 
[0019] With the above arrangement, external termi- 
nals are formed on the other surface, i.e.. the reverse 
surface, of the multi-layered base, and the oscillator 
module is mounted at the reverse surface on a board by 
means of soldering. Accordingly, solder is not formed in 
a fillet-like shape on the lateral surfaces of the base, 
which is conventionally required. 
[0020] Since the external terminals are located farther 
inward than the lateral surfaces of the multi-layered 
base, individual bases are electrically independent of 
each other while they are still connected to each other 
as the mother base, thereby making it possible to check 
the characteristk:s of the individual bases without being 
divided. 
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[0021] Extemal terminals are not placed on the split 
lines of the mother base. This protects the electrodes, 
which serve as external terminals, from coming off'and 
also prevents the generation of burrs when the mother 
base is divided. 

[0022] The provision of through-holes on the lateral 
surface of the multi-layered base is made unnecessary, 
thereby reducing the area of the base by an amount 
equal to the through-holes. 

[0023] The absence of through-holes, which serve as 
extemal terminals, on the lateral surfaces of the multi- 
layered base eliminates the need to provide notches for 
the shield cover that covers the obverse surface of the 
base, which is conventionally required to avoid contact 
between the shield cover and the through-holes. The 
absence of through-holes on the lateral surfaces of the 
multi-layered base also prevents the generation of burrs 
on the lateral portions, which correspond to the cross 
sectional surface of the mother base. 
[0024] Guidesare provided for the multi-layered base, 
thereby making it easy to position the shield cover on 
the multi-layered base. 


BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0025] 

Fig. 1 is a perspective view illustrating the configu- 
ration of a voltage controlled oscillator without a 
30 shield cover being provided according to a first em- 
bodiment of the present invention; 
Fig. 2 is a perspective view illustrating the configu- 
ration of a voltage controlled oscillator according to 
the first embodiment of the present invention; 
3S Fig. 3 is a bottom view Illustrating the configuration 
of a voltage controlled oscillator according to the 
first embodiment of the present invention; 
Fig. 4 is a plan view of a mother base illustrating a 
manufacturing process of the voltage controlled os- 
40 cillator according to the first embodiment of the 
present invention; 

Fig. 5 is a sectional view, partially shown, illustrating 
the configuration of the voltage controlled oscillator 
mounted on a board according to the first embodi- 
es ment of the present invention: 

Fig, 6 is a perspective view illustrating the configu- 
ration of a voltage controlled oscillator according to 
a second embodiment of the present invention; 
Fig. 7 is a perspective view illustrating the configu- 
re ration of a known voltage controlled oscillator with- 
out a shield cover being provided; 
Fig. 8 is a perspective view illustrating the configu- 
ration of a known voltage controlled oscillator; 
Fig. 9 Is a bottom view illustrating the configuration 
55 of a known voltage controlled oscillator; 

Fig. 10 is a plan view of a nnother base illustrating 
a nnanufacturing process of a known voltage con- 
trolled oscillator: and 
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Fig. 11 is a sectional view illustrating the configura- 
tion of a known voltage controlled oscillator mount- 
ed on a board. 

DESCRIPTION OF THE PREFERRED 5 
EMBODIMENTS 

[0026] A detailed description is now given with refer- 
ence to the drawings of a voltage controlled oscillator, 
which is an example of an oscillator module, through Il- 
lustration of preferred embodiments of the present in- 
vention. 

[0027] A voltage controlled oscillator according to a 
first embodiment of the present invention is discussed. 
Referring to Figs. 1 through 3, a voltage controlled os- 
cillator 100 includes a multi-layered base 101. The multi- 
layered base 101 is formed by laminating a plurality of 
glass epoxy substrates provided with circuit patterns 
102 (only partially shown), which is described later. The 
circuit patterns 1 02 (only partially shown) are formed on 
one main surface (obverse surface) and the inside of 
the multi-layered base 101. Holes 104, such as through- 
holes or via-holes, through which wiring patterns 102 of 
the individual layers of the base 101 are connected are 
formed within the base 101. 

[0028] Electronic components 1 03, such as a chip ca- 
pacitor, a chip resistor, and a transistor, are mounted on 
one main surface of the multi-layered base 101. 
[0029] Reverse electrodes 106 and 107. which are 
used as external terminals to be connected to an exter- 
nal circuit (not shown), are disposed, as illustrated in 
Fig. 3, on the other main surface (reverse surface) of 
the multi-layered base 101 by means such as gold- 
flashing or gold-plating. The reverse electrode 106 
serves as a ground electrode, while the reverse elec- 
trodes 107 serve as terminal electrodes. The reverse 
electrodes 1 06 and 1 07 are electrically connected to the 
circuit patterns 102 via the holes 104, such as the 
through-holes or the via-holes, formed within the multi- 
layered base 101. The reverse electrodes 106 and 107 
are located farther inward than the lateral surfaces of 
the multi-layered base 101. 

[0030] A shield cover 1 08 is placed to cover one main 
surface of the multi-layered base 101 . The shield cover 
1 08 Is fixed on the base 1 01 by soldering it to connecting 
electrodes (not shown) provided on the surface of the 
multi-layered base 101, though it is not shown. In this 
manner, the voltage controlled oscillator 100 is formed. 
[0031] The manufacturing process of the voltage con- 
trolled oscillator 100 constructed as described above is 
now described with reference to Figs. 4 and 5. 
[0032] A mother base 109 is prepared by laminating 
a plurality of glass epoxy substrates provided with the 
circuit patterns 102 (only partially shown). Then, elec- 
tronic components 103 are mounted on one main sur- 
face of the mother base 1 09, and the reverse electrodes 
106 and 107 are formed on the other surface of the 
mother base 109 by means of gold-flashing. Character- 


istic adjustments, such as frequency adjustments, are 
made on the individual bases 1 1 0 while they are still con- 
nected to each other as the mother base 109, which is 
described In detail later. Subsequently, the shield cover 
108 is placed to cover one main surface of the bases 
110. 

[0033] Thereafter, the mother base 109 is divided 
with, for example, a dicer along split lines S indicated by 
the one-dot-chain lines shown in Fig. 4. Thus, a plurality 
of voltage controlled oscillators 100 are formed, each 
having a base 110 on which the electronic components 
103 are mounted and on which the shield cover 108 is 
placed. 

[0034] In the aforementioned manufacturing process, 
frequency adjustments are made after the electronic 
components 103 are mounted. However, frequency ad- 
justments may be made after the electronic components 
103 are mounted and the shield cover 108 is placed to 
cover the mother base 109. The mother base 109 may 
be then divided to obtain a plurality of voltage controlled 
oscillators 100. The electronic components 103 and the 
shield cover 108 may be mounted simultaneously by 
means of reflow soldering. 

[0035] The voltage controlled oscillator 1 00 nnanufac- 
tured according to the above process is mounted on a 
mounting board 111 in the following manner. 
[0036] A solder paste 1 1 3 is first applied to the portion 
of a wiring pattern 112 formed on the mounting board 
111 to which the external terminals of the voltage con- 
trolled oscillator 100 are bonded. The voltage controlled 
oscillator 100 is then placed on the mounting board 111 
in such a manner that the reverse electrodes 106 and 
107, which serve as the external terminals, are aligned 
with the portion of the wiring pattern 112 coated with the 
solder paste 113. 

[0037] The voltage controlled oscillator 1 00 placed on 
the board 1 1 1 is then loaded into a reflow apparatus (not 
shown), thereby melting the solder paste 113 and se- 
curely connecting the oscillator 100 and the board 11 1 . 
In this manner, the voltage controlled oscillator 100 is 
nrwDunted on the board 111. 

[0038] According to the voltage controlled oscillator 
100 constructed as described above, since the reverse 
electrodes 1 06 and 1 07, which sen/e as the external ter- 
minals, are formed farther inward than the lateral sur- 
faces of the reverse main surface of the multi-layered 
base 101 , they are not exposed on the lateral surfaces 
of the base 101. In mounting the voltage controlled os- 
cillator 1 00 on the board 1 1 1 , the oscillator 1 00 is mount- 
ed at the reverse surface on the board 11 1 by means of 
reflow soldering. Thus, it is not necessary to form solder 
in a fillet-iike shape, thereby decreasing the area where 
the voltage controlled oscillator 100 is mounted. 
[0039] Since the provision of through-holes on the lat- 
eral surfaces of the multi-layered base 101 is made un- 
necessary, the area of the multi-layered base 1 01 can 
be decreased by an amount equal to the through-holes, 
thereby achieving a miniaturized voltage controlled os- 
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dilator 100. 

[0040] The absence of through-holes, which serve as 
external terminals, on the lateral surfaces of the multi- 
layered base 101 eliminates the need to provide notch- 
es for the shield cover 1 08 that covers one main surface s 
of the multi-layered base 101, which would otherwise 
be required for avoiding contact between the shield cov- 
er 108 and the through-holes. The shield cover 108 can 
thus tightly contact one main surface of the multi-layered 
base 1 01 . As a consequence, the voltage controlled os- 
cillator 100 of the present invention is less influenced by 
unwanted radiation from an external source, thereby ob- 
taining stable characteristics. 
[0041] The absence of through-holes on the lateral 
surface of the multi-layered base 101 also prevents the 
generation of burrs on the lateral portions, I.e., the cross 
sectional surface of the mother base 1 09. This makes it 
possible to correctly position and stably mount the volt- 
age controlled oscillator 1 00 on the board 111. Since the 
reverse electrodes 1 06 and 107 are also free from burrs, 
they do not come off. 

[0042] Through-holes, which serve as external termi- 
nals, are not formed on the lateral surfaces of the multi- 
layered base 1 01 , and only the reverse surface of the 
base 101 is provided with the reverse electrodes 106 
and 107. Accordingly, in the process step of forming the 
multi-layered base 101 , the individual bases 110 are al- 
ready electrically independent of each other while they 
are still connected to each other as the mother base 1 09. 
This makes it possible to check and adjust the charac- 
teristics of the individual bases 110 as voltage control 
oscillators 100 before the mother base 109 is divided. 
Thus, merely by moving a probe used for checking char* 
acterlstlcs on the mother base 109, the characteristics 
of a plurality of bases 110 are checked and adjusted, 
thereby saving time and effort and also achieving a re- 
duction in the cost. 

[0043] A voltage controlled oscillator, which is an ex- 
ample of an oscillator module, according to a second 
embodiment of the present invention is now described 
with reference to Fig. 6. The same elements as those 
shown in Fig. 2 representing the first embodiment are 
designated with like reference numerals, and an expla- 
nation thereof is thus omitted. 
[0044] In the voltage controlled oscillator 120 of this 
embodiment, projections 108a extend downward from 
the lateral surfaces of the shield cover 108 to face the 
multi-layered base 101. Guide holes 101a are formed 
as guides on the multi-layered base 101 to receive the 
projections 108a. 

[0045] With this arrangement, the shield cover 108 
can be easily positioned on the individual bases 110 in 
the state of the mother base 109, and the shield cover 
108 can also be stably secured to the bases 110 by 
means of reflow soldering without moving. 
[0046] The guide holes 101a may pass through or 
may not pass through the muttl-layered base 101, and 
it is only essential that the guide holes 101a are sized 
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sufficiently to receive the projections 108a. The guides 
are not restricted to holes, and may be elongated 
grooves, in which case, the projections 108a are also 
required to be formed to match the configurations of the 
guides. The guides are not necessarily positioned on the 
obverse surface of the muttl-layered base 1 01 , and may 
be formed on the portions including the lateral surfaces 
of the base 101 in a shape having a semicircular cross 
section. 

[0047] Although In the first and second embodiments 

a multi-layered base formed of glass epoxy substrates 
is used, a multi-layered base formed by laminating a plu- 
rality of ceramic green sheets may be used. 
[0048] A solder resist may be provided on the reverse 
electrodes 106 and 1 07 at a portion other than the area 
where the electrodes 106 and 107 are soldered, though 
it is not shown. This structure makes it possible to pre- 
vent solder from excessively flowing when the reverse 
electrodes 106 and 107 are soldered to the mounting 
board 111 by reflow soldering, which would otherwise 
cause a short-circuit between the reverse electrodes 
106 and 107. 

[0049] In the foregoing embodiments, a voltage con- 
trolled oscillator is described as an example of the os- 
cillator module of the present invention. The present in- 
vention is. however, applicable to other types of oscilla- 
tor modules. 

[0050] The provision of guides for the multi-layered 
base 101 makes it easy to position the shield cover 108 
on the surface of the base 101. 
[0051] As is seen from the foregoing description, the 
oscillator module of the present invention offers the fol- 
lowing advantages. 

[0052] Since it is not necessary to form solder in a fil- 
let-like shape on the lateral surfaces of a multi-layered 
base, the area where the oscillator module is mounted 
on a board is reduced, thereby miniaturizing the oscilla- 
tor module. 

[0053] External terminals disposed on the reverse 
surface of the multi-layered base are located farther in- 
ward than the lateral surfaces of the base. Accordingly, 
in the process step of forming a multi-layered base for 
use in an oscillator module, the individual bases are 
electrically independent of each other while they are still 
connected to each other as the mother base, and thus, 
characteristics of each base as an oscillator module can 
be checked and adjusted. Merely by moving a probe 
used for checking characteristics on the mother base, a 
plurality of individual bases can be checked and adjust- 
ed, thereby saving time and effort and also achieving a 
reduction In the cost. 

[0054] By virtue of the absence of through-holes, the 
area of the multi-layered base can be reduced by an 
amount equal to the through-holes, thereby miniaturiz- 
ing the oscillator module. 

[0055] Since the shield cover tightly covers one main 
surface of the multi-layered base, the oscillator module 
Is less affected by unwanted radiation from an external 
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source, thereby obtaining stable characteristics. The ex- 
ternal terminals are not exposed on the lateral surfaces 
of the multi-layered base, thereby also reducing an in- 
fluence of unwanted radiation. 

[0056] The absence of burrs makes it possible to cor- s 
rectly position and stably mount the oscillator module 
on a board. The external terminals are also free from 
burrs and do not come off. thereby Improving the relia- 
bility of adhesion between the oscillator module and a 
mounting board. io 


Claims 

1. An oscillator module comprising: is 

a multi-layered base (101); 
circuit patterns (102) formed on a first main sur- 
face and the inside of said multi-layered base 
(101); 20 
an electronic component (103) mounted on 
said first main surface of said multi-layered 
base (101); and 

a shield cover (1 08) provided to cover said first 
main surface of said multi-layered base, 2S 
wherein an external terminal (107) for electri- 
cally connecting said oscillator module and an 
external circuit is formed on a second main sur- 
face of said multi-layered base (101 ), and said 
external terminal (1 07) is located farther inward 30 
than lateral surfaces of said multi-layered base. 

2. An oscillator module according to claim 1 , wherein 
said external tenTiinal (107) is formed only on said 
second main surface of said multi-layered base. 3S 
and said shield cover (108) is tightly disposed on 
said first main surface of said multi-layered base. 

3. An oscillator module according to claim 1 or claim 

2, wherein a projection (108a) is provided on a lat- 40 
eral surface of said shield cover (108) in such a 
manner that it faces said multi-layered base (101 ), 
. and a guide (101a) is formed on said multi-layered 
base (101) to receive said projection (108a). 
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